The growth of clones of seven Amaranthus palmeri x A. spinosus hybrids was compared to type specimens of A. palmeri and A. spinosus. The hybrids came from the field where they were originally discovered and clones of the type specimens and hybrids were established under greenhouse conditions and used to compare growth rates. A. palmeri had the highest growth rate and A. spinosus the lowest growth rate based on height, node counts, and dry weight accumulation. A. palmeri also had the greatest number of days to flowering and A. spinosus the fewest. Hybrids had intermediary growth rates and days to flowering, but differed from each other with regard to sex identity. The hybrids were either dioecious like A. palmeri or, if monoecious, had patterns unlike A. spinosus. Spine length and texture also varied in hybrids and some were without spines. Hybrid 16Ci was short compared to all others and had succulent leaves and stems, which easily separated from the plant body. These hybridizations resulted in morphologically distinct types with acquisition of physical traits intermediate to the type specimens which may drive evolution of these species.
resistances. Interspecific hybridization between A. palmeri and A. spinosus was previously demonstrated when these species were grown in close proximity to each other under controlled conditions [3] . A. palmeri also hybridized with A. hybridus and A. tuberculatus Moq. Sauer, with the transfer of glyphosate resistance [3] , and with A. tuberculatus, with the transfer of ALS resistance [4] . Transfer of ALS resistance from A. tuberculatus to A. hybridus has also been confirmed [5] .
The hybrids were discovered in a production cotton (Gossypium hirsutum L.)/soybean (Glycine max Merr. L.) field in Mississippi, USA in 2011. The production field had A. palmeri growing along its roadside edges and just across a narrow two lane road was a pasture with populations of A. spinosus. Putative hybrids were collected from 2012 through 2015 and maintained in the greenhouse. Using specific probes to intron 1 of EPSPS from each species, about one quarter of the collected pigweeds were determined to be hybrids [6] . Plants identified as hybrids were generally similar in stature to A. palmeri, but varied with regard to the presence and length of spines. Some plants were clearly dioecious, but among monoecious types, there were diminutive female flowers at the leaf axils with uniformly male or female flower spikes.
Hybrids from the field may be original first filial generation (F1s), second filial generation (F2s), backcrosses with either parent, or subsequent generations from the F1 generation itself. F1 hybrids generated at Stoneville, Mississippi, using glyphosate-resistant (GR) male A. palmeri and glyphosate-sensitive (GS) emasculated A. spinosus as parents, were 95% dioecious GR males, although a few monecious F1s were identified (unpublished data). Reciprocal crosses were not made. These results may indicate that the monoecious condition may be rare in nature following such crosses. If monoecious hybrids are self-fertile, the proximity to neighboring weeds would not necessarily limit formation of next year's seed production.
These hybrids persisted in the field for several years following their initial discovery. The reoccurrence, year after year, may indicate the presence of a large seed bank created from the first occurrence of hybridization or repeated occurrences both with traits sufficient for continuous establishment. Although these hybrids were growing in competition with a crop, whether the hybrids will be as competitive as A. palmeri in crops is unknown. If these interspecific hybrids among weedy amaranths retain growth rates similar to A. palmeri, they may survive and propagate, thereby, increasing genetic diversity within this population. Whether the hybrids favor either type specimen or represent a population with blended morphologies is unknown. Characterizing the relative growth potential of these hybrids and determining whether clones of the hybrids respond in similar fashion was a first step in assessing future competitive interactions. The objective of this research was to evaluate the relative growth of GR-hybrids of A. spinosus and A. palmeri compared to GS A. spinosus and GR-A. palmeri.
Materials and Methods
The A. palmeri × A. spinosus hybrids (11Ci, 16Ci, 2Ci, 23 Ci, 8C, P13, and 9Ci) used in this study were collected in 2013, 2014, and 2015 from a farmer's field north of Water Valley, MS, USA, the field of origin (34.23450 N, 89.63433 W).
A. spinosus (35SA) was collected from a field adjacent to above field. A. palmeri (13PA) was collected from USDA-ARS farm in Stoneville, MS. Hybrids were confirmed using previously established procedures [7] . Briefly, genomic DNA was isolated from each species or hybrid from 1 -2 leaves, depending on size.
Leaf tissue was homogenized in an extraction buffer (12) A. spinosus with primer pairs GAGAAGATTGATTTGGTCGTG and GAGTCAAAGAGATACTGTATGACG as previously described (6 Clones of the field hybrids and species were created by rooting axillary branches from parent plants using established protocols [7] . Briefly, an axillary branch, approximately 4 cm long, was cut from the stem and lateral leaves re- 
Results
The growth of the hybrids relative to A. palmeri and A. spinosus is shown in Figure 1 and Table 1 ). A. palmeri (13PA) had the greatest growth rate and hybrid 16Ci was similar to 35SA (A. spinosus) with both having the lowest growth rate. The remaining hybrids separated into two distinct groups, both intermediate to A. palmeri and A. spinosus. The distinction in growth rates observed in Figure 1 was reflected in the final dry weights (Figure 2 ) and height to node ratios ( Figure 3 ).
Nodes per plant (Figure 4 ) also followed a similar trend with the exception that 2Ci was more like the group containing 11Ci, 8C, and P13.
The weight to height ratio ( Figure 5 ) indicated that, overall, the plant structure of the hybrids was more like A. palmeri with the exception of A. spinosus, which had a greater g/cm ratio than the other plants.
Inflorescence lengths varied among the hybrids and were different from the type specimens ( Figure 6 ). Hybrids were either dioecious like A. palmeri (Figures 7(a) and Figure 7(b) ), or monoecious like A. spinosus (Figure 7(c) ). The inflorescences of the hybrids were also more like A. palmeri in that the terminal stalk consisted of either male or female flowers (Table 2) . Furthermore, the terminal flower stalks of A. spinosus (Table 2 ) typically had proximal female flowers and distal male flowers roughly in equally proportions. For those hybrids that were monoecious, the flower arrangement on the stalk was considerably altered. For those with a prominent male sex identity, the female flowers were clustered at the leaf axils. For those with a prominent female sex identity, the All of the hybrids initiated flower development earlier than A. palmeri ( Figure   8 , Table 3 ).
Flower initiation was complete by 3.5 weeks after initiation of the experiment, although inflorescences continued to expand and elongate throughout the 8 week test period. Plant height continued to increase until 7 weeks. The groupings observed among hybrids in Figure 1 based on growth rate were not observed for flower initiation. The time to reach 50% flower initiation (estimated from Figure 8 ) was different for type specimens and hydrids.
Discussion
The relative growth curves, dry weights, height to node ratios, nodes per plant, weight to height ratios, and inflorescence lengths presented here for the A. palmeri x A. spinosus hybrids in most cases ranked between the high and low values measured for the type specimens. Each hybrid, except for 16Ci, had upright stems which easily supported branches, leaves, and inflorescences. However, hy- The flowering pattern in these hybrids was also altered compared to their parent species. This implies a change in internal regulatory mechanism(s) as well as environmental cues affecting flowering, which in turn, may lead to new regulatory systems affording adaption to new ecological niches [9] . The appearance of the monoecious condition in hybrids with A. palmeri-like characteristics may signal a dramatic change in A. palmeri or A. spinosus evolution and create an opportunity for increased invasiveness. Monoecious plants may have efficient self-fertilization eliminating the need for outcrossing and long distance pollination. The reproductive capacity of the hybrids also may have been altered, such as in another species, Raphanus sativus L., where a greater duration of seed production was observed [10] . These consequences of hybridization have not been extensively investigated in the Amaranthus hybrids. Thus, it is important to perform weed biology experiments for any weed species exhibiting resistance or undergoing hybridization [11] . 
Conclusion
Hybridizations between A. palmeri and A. spinosus resulted in offspring with intermediary traits differentiating them from parent types. The acquired characteristics may further enrich morphological diversity in parent species should subsequent backcrossing with parent types occur. The hybrids had acquired resistance to two major herbicide classes which upon backcrossing could enrich these traits in A. spinosus thereby spreading resistance. This potential movement of resistant genes is silent to the casual observer in that it is completely unex- 
